Background/Aims: Interleukin (IL)-35 has immunosuppressive functions in autoimmune diseases, infectious diseases, and certain cancers. However, few studies have focused on its immunoregulatory activity in non-small cell lung cancer (NSCLC). Thus, we investigated the role of IL-35 in the pathogenesis of this disease. Methods: A total of 66 NSCLC patients and 21 healthy individuals were enrolled. IL-35 expression in peripheral blood and bronchoalveolar lavage fluid (BALF) was measured. The modulatory functions of IL-35 on purified CD4 + and CD8 + T cells from NSCLC patients were investigated in direct and indirect coculture systems with NSCLC cell lines. Results: IL-35 expression was significantly increased in BALF from the tumor site, but not in the peripheral blood of NSCLC patients. IL-35 did not affect the bioactivity including proliferation, cytokine production, cell cycle, and cellular invasion of NSCLC cells. It suppressed responses from type 1 T helper (Th1) and Th17 cells but elevated the regulatory T cell response in cultured CD4 + T cells from NSCLC patients, and reduced cytokine-mediated CD4 + T cells cytotoxicity to NSCLC cells. Moreover, IL-35 also inhibited cytotoxic gene expression in CD8 + T cells from NSCLC, reducing their cytolytic and noncytolytic functions. Conclusion: The results of this study suggest that IL-35 contributes to the dysfunction/exhaustion of T cells and limited antitumor immune responses in NSCLC.
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Introduction
Lung cancer, which can be divided into small cell lung cancer and non-small cell lung cancer (NSCLC), is the leading cause of cancer-related deaths worldwide [1, 2] . NSCLC accounts for approximately 85% of lung malignancies [3] , and nearly 75% of NSCLC cases are diagnosed in the advanced stage with an estimated 5-year survival rate of 18% in the United States [4] . Immune checkpoint inhibitors have emerged as powerful new therapeutic tools for advanced NSCLC [5, 6] . However, although antibodies against programmed death-1 and cytotoxic T lymphocyte associated protein 4 may improve outcomes in a metastatic setting, the overall response rate is less than 45% even in highly molecularly selected patients [5] [6] [7] . This is partly due to the complex strategies adopted by tumor cells to escape the cytotoxicity of the immune system. Thus, it is important to better understand the underlying molecular mechanisms of immune surveillance and by which cancer cells acquire the ability to evade eradication by the immune system.
Interleukin (IL)-35 belongs to the IL-12 family of cytokines. It is a heterodimer cytokine comprised of the Epstein-Barr virus-induced gene 3 and IL-12 p35 subunit [8, 9] . IL-35 is mainly produced by CD4
+ regulatory T cells (Tregs) [8] and IL-35-expressing regulatory B cells [10] , and is required for the immunosuppressive activity of Tregs . IL-35 has anti-inflammatory and immunoregulatory properties [9, 11] , and inhibits angiogenesis through different signaling pathways [12] . It also plays pivotal roles in the pathogenesis of cancers, as it promotes the growth of cancer cells through the enhancement of proliferation and angiogenesis, inhibition of apoptosis [13] [14] [15] , and limitation of anti-tumor T cells immunity [16] . In addition, elevated IL-35 levels are also associated with cancer progression, aggressiveness, and recurrence [17] [18] [19] [20] . A previous study also demonstrated that IL-35 overexpression correlated with a poor prognosis in patients with NSCLC [21] . However, the role of IL-35 in NSCLC has not been fully elucidated.
Due to the immunosuppressive potential of IL-35 in chronic infection and cancer, we hypothesized that it inhibits the antitumor activity of T cells and contributes to immune evasion in NSCLC. To test this possibility, the effects of recombinant IL-35 stimulation on CD4 + /CD8 + T cells and NSCLC cell lines were investigated in vitro.
Materials and Methods
Enrolled subjects A total of 66 patients with pathologically confirmed NSCLC were enrolled in this study. All patients were hospitalized in the Department of Respiratory Medicine of the First Affiliated Hospital of Zhengzhou University (Henan Province, China) between February 2015 and March 2016. Six patients were concurrently suffering from chronic obstructive pulmonary disease (COPD). Patients with pneumonia, autoimmune disorders (including asthma), or who were immunocompromised were excluded from the study. No patients received surgery, chemotherapy, or radiotherapy before the study. The diagnosis was made according to National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology: Non-Small Cell Lung Cancer Version 1.2015. The tumor-node-metastasis (TNM) stages were evaluated according to the American Joint Committee on Cancer/Union for International Cancer Control TNM classification (7th ed.). For normal controls (NCs), 21 sex-and age-matched healthy individuals were enrolled, none of whom had asthma or COPD. The clinical characteristics of the enrolled subjects are shown in Table 1 . The study protocol was approved by the ethics committee of the First Affiliated Hospital of Zhengzhou University, and written informed consent was obtained from each enrolled subject.
Isolation of serum and peripheral blood mononuclear cells
A total of 5mL coagulant peripheral blood and 10mL EDTA-anticoagulant peripheral blood were collected from each enrolled subjects. Serum samples underwent centrifugation at 12, 000 × g for 10 min from coagulant peripheral bloods. Peripheral blood mononuclear cells were isolated using Ficoll-Hypaque (Sigma, St. Louis, MO, USA) density gradient centrifugation from anticoagulant peripheral bloods.
Preparation of bronchoalveolar lavage fluid
In NSCLC patients, local anesthesia was firstly performed by injection with 2mL of 2% lidocaine in the lung section through the biopsy hole with a thin silicone tube. The top of the bronchofiberoscope closely wedged into the opening of the subsegmental bronchus. Then, 50mL sterilized saline was rapidly injected through the biopsy hole; this was repeated four times. The lavage fluid was immediately recovered with 100mmHg negative pressure, with a recovery rate between 40% and 60%. Bronchoalveolar lavage fluid (BALF) was filtered with double sterilized gauze and the total amounts were recorded. BALF was centrifuged at 1, 200 × g for 10 min at 4°C. The supernatants were harvested and kept at -70°C for subsequent experiments, while cellular precipitations were washed twice and cultured in RPMI 1640 supplemented with 10% fetal bovine serum (FBS) at a concentration of 10 6 /mL.
Purification of CD4
+ and CD8 + T cells CD4 + and CD8 + T cells were purified using the human CD4 + T Cell and human CD8 + T Cells Isolation Kits (Miltenyi Biotech, Bergisch Gladbach, Germany), respectively, according to the manufacturer's instructions. The purity of enriched cells was >95%, as determined by flow cytometry analysis.
Transfection
The NCI-H520 lung squamous carcinoma cell line and A549 lung adenocarcinoma cell line were transfected with pcDNA3.1-HLA-A*0201 [22] using Lipofectamine 2000 (Invitrogen Life Tech, Carlsbad, CA, USA). Transfected cells were incubated at 37°C and 5% CO 2 . G418 antibiotic (final concentration, 6.5 mg/mL) was added to the culture medium to select stable transfectants. Stably transfected cells were used for all subsequent studies.
Cell culture and stimulation
Cells were stimulated with recombinant human IL-35 (1 ng/mL; Peprotech, Rocky Hill, NJ, USA) for 6 h, washed twice, and incubated for another 48 h. In certain experiments, 10 5 purified CD4 + T cells or CD8 + T cells from HLA-A2-restricted NSCLC patients were stimulated with recombinant IL-35 for 6 h. Cells were washed twice to remove IL-35 and were cocultured in direct or indirect contact with 5 × 10 5 of stably transfected NCI-H520 cells or A459 cells in the presence of anti-CD3/CD38 (eBioscience, San Diego, CA, USA) for 48 h as previously described [23] . Cells and supernatants were harvested for further studies.
Cell proliferation assay Cellular proliferation was measured using the Cell Counting Kit-8 (CCK-8; Beyotimes, Wuhan, Hubei Province, China) according to the manufacturer's instructions.
Flow cytomtery
Cells were trypsinized after IL-35 stimulation, and 5μL propidium iodide (PI, Beyotime Biotech) was added for a 10 min incubation at room temperature in the dark. The cell cycle was analyzed with FACSCalibur flow cytometer (BD Biosciences Immunocytometry Systems, San Jose, CA, USA).
Transwell invasion assay
The invasive activity of NCI-H520 cells and A549 cells was measured using 24-well Transwell chambers (Corning Costar, Corning, NY, USA) containing a polycarbonate membrane (8μm pore size). The polycarbonate membrane surface was covered with 50 μL of Matrigel (1: 6 dilution; BD Bioscience, San Jose, CA, USA). A549 cells were suspended in 200μL serum-free RPMI 1640 and seeded into the upper chamber, whereas 600μL RPMI 1640 containing 10% of FBS was added into the lower chamber. Cells that passed through the membrane were stained with 0.1% crystal violet for 20 min at room temperature after a 48-h 
Enzyme-linked immunosorbent assay
Cytokine production in either the serum or supernatants of cultured cells was measured using commercial enzyme-linked immunosorbent assay (ELISA) kits (CusaBio, Wuhan, Hubei Province, China) according to the manufacturer's instructions.
Cytokine assay
The cytokine levels of interferon gamma (IFN-γ), IL-1β, IL-6, and tumor necrosis factor alpha (TNF-α) in the cell culture supernatants were examined with the Human Proinflammation 7-Plex Base Kit (Meso Scale Discovery, Rockville, MD, USA) using the SECTOR Imager (Meso Scale Discovery) according to the manufacturer's instructions.
Real-time polymerase chain reaction (RT-PCR)
Total RNA was isolated from cultured cells using Trizol (Invitrogen) according to the manufacturer's instructions. RNA was reverse transcribed using Moloney murine leukemia virus reverse transcriptase (TaKaRa Bio, Dalian, Liaoning Province, China) with oligo(dT) primers. Real-time PCR was performed using SYBR Green Premix Ex Taq (TaKaRa Bio) according to the manufacturer's instructions. The primer sequences were previously described [24] [25] [26] . Relative gene expression was quantified by the ΔΔC T method using 7500 System Sequence Detection software (Applied Biosystems, Foster, CA, USA).
Cytotoxicity assay
The cytotoxicity of CD4 + T and CD8 + T cells was determined by calculating the lactate dehydrogenase (LDH) expression in the supernatants of the cocultured systems. LDH level was measured using the LDH Cytotoxicity Assay Kit (Beyotime) according to the manufacturer's instructions. LDH expression in A549 cells was determined to be low-level control, whereas LDH expression in Triton X-100-treated A549 cells was determined to be high-level control. The resulting value corresponding to the percentage of cell death was calculated in the following equation: (experimental value -low control)/(high control -low control) × 100% [23] .
Statistical analyses
All data were analyzed using SPSS 19.0 Version for Windows (SPSS, Chicago, IL, USA). Student's t-test was used for comparisons between two groups. Paired t-test was used for comparisons prior to and post stimulation. One-way analysis of variance (ANOVA) and Student-Newman-Keuls (SNK) test were used for comparisons among groups. All tests were two tailed, and P values less than 0.05 were considered statistically significant.
Results

IL-35 expression was increased in BALF from the tumor site in NSCLC patients
We screened IL-35 expression in the peripheral bloods and BALF from NSCLC patients. As shown in Fig. 1A , there were no significant differences in serum IL-35 concentration between the NCs (38.51 ± 13.87 pg/mL) and NSCLC patients (35.11 ± 14.13 pg/mL; P = 0.337, Student's t-test). There was also no remarkable difference in serum IL-35 expression between patients with squamous carcinoma (SCC) and adenocarcinoma (AC) (33.79 ± 14.32 pg/mL vs. 36.69 ± 13.98 pg/mL; P = 0.411, Student's t-test; Fig. 1B ). Moreover, there were no significant differences among patients with well, moderately, and poorly differentiated tumors (P = 0.222, one-way ANOVA; Fig. 2A ). Moreover, we also made a paired comparison of IL-35 expression in BALF from nontumor and tumor sites and found that IL-35 expression in 29 BALFs from tumor sites was higher than that in BALFs from nontumor sites (P = 0.049, paired t-test; Fig. 2B ). However, there were no significant differences between patients with SCC (n = 25) and AC (n = 19) (P = 0.264, Student's t-test; Fig. 2C ) or among patients with different grade of differentiation (P = 0.318, one-way ANOVA; Fig. 2D ). Similar to the trend of serum IL-35 changes, the expression of IL-35 in BALF from TNM stage IV patients (n = 8, 81.69 ± 10.81 pg/mL) was also robustly elevated compared with stage I (n = 10, 63.11 ± 7.68 pg/mL, P = 0.0006, SNK test; Fig. 2E Fig. 2F ).
IL-35 did not directly affect the bioactivity of NCI-H520 and A549 cells
A density of 5 × 10 5 of NCI-H520 or A549 cells, which were stably transfected with HLA-A2*0201-expressing plasmid, were stimulated with IL-35 (1 ng/mL) for 6 h, and then incubated for another 48 h after being washed twice. Cells were harvested for cell proliferation assays, and supernatants were collected for cytokine production analyses. CCK-8 results revealed that cell proliferation did not significantly change in NCI-H520 and A549 cells in the presence or absence of IL-35 stimulation (P > 0.05, Student's t-test; Fig. 3A ). Proinflammatory cytokine production by both cells, including IFN-γ (P > 0.05, Student's t-test; Fig. 3B ), IL-1β (P > 0.05, Student's t-test; Fig. 3C ), IL-6 (P > 0.05, Student's t-test; Fig. 3D ), and TNF-α (P > 0.05, Student's t-test; Fig. 3E ) were harvested, and the mRNA expression of T-bet, FoxP3, and RORγt was measured by real-time PCR. Cytokine production in the cultured supernatants, including IFN-γ, IL-10, and IL-17 was measured by ELISA. T-bet mRNA expression was significantly reduced in CD4 + T cells from BALF in response to IL-35 stimulation (P < 0.0001, paired t-test; Fig. 4A ), but did not change remarkably in CD4 + T cells from peripheral blood with or without IL-35 stimulation (P = 0.912, paired t-test; Fig. 4A ). In contrast, FoxP3 mRNA expression was elevated in CD4 + T cells from both peripheral blood and BALF in response to IL-35 stimulation (P = 0.013 and P = 0.0018, respectively, paired t-test; Fig. 4B ). RORγt mRNA expression was decreased in CD4 + T cells from BALF with IL-35 treatment (P < 0.0001, paired t-test; Fig. 4C ). There was also a reduced trend of RORγt mRNA expression in CD4 + T cells from peripheral blood, but this difference was not statistically significant (P = 0.066, paired t-test; Fig. 4C ). Cytokine production in the supernatants had a trend similar to that of the mRNA expression of transcriptional factors. IFN-γ expression was decreased in the supernatants of cultured CD4 + T cells from BALF with IL-35 treatment (P = 0.0004, paired t-test; Fig. 4D ), but IL-35 stimulation did not affect IFN-γ production by CD4 + T cells from peripheral blood (P = 0.244, paired t-test; Fig. 4D ). IL-10 concentration was increased in the supernatants of CD4 + T cells from both peripheral blood and BALF with IL-35 stimulation (P = 0.072 and P = 0.0043, respectively, paired t-test; Fig.  4E ), whereas IL-17 level was decreased in response to IL-35 treatment (P = 0.015 and P = 0.0018, respectively, paired t-test; Fig. 4F ). Another 10 5 of CD4 + T cells were washed twice after stimulation and cocultured in direct or indirect contact with stably transfected NSCLC cell lines. CD4 + T cells from patients with SCC were cocultured with NCI-H520 cells, whereas CD4 + T cells from patients with AC were cocultured with A549 cells. The supernatants were harvested 48 h post-coculture. The cytotoxicity of target NSCLC cell lines was investigated by measuring LDH release in the supernatants. Decreased cytotoxicitiy was observed in both Fig. 5A, B) . In addition, IL-35 stimulation reduced IFN-γ production in the supernatants in both direct and indirect coculture systems of CD4 + T cells purified from either peripheral blood (P < 0.01, paired t-test; Fig. 5C ) or BALF (P < 0.01, paired t-test; Fig. 5D ). TNF-α was also downregulated in CD4 + T cells when directly cocultured with NSCLC cell lines (P < 0.01, paired t-test; Fig. 5E,  F ). There were also consistent decreased trends of indirect contact culture system of either peripheral or BALF CD4 + T cells, but the difference in peripheral CD4 + T cells coculture system did not achieve significance (P = 0.059, paired t-test; Fig. 5E ).
IL-35 suppressed the function of CD8
+ T cells purified from NSCLC patients A density of 2 × 10 5 of CD8 + T cells purified from the same HLA-A2 -restricted NSCLC patients were stimulated with recombinant IL-35 for 6 h. Then 10 5 of CD8 + T cells were harvested and the mRNA expression of granzyme B, granulysin, and perforin was measured by real-time PCR. IL-35 stimulation significantly reduced the mRNA expressions of granzyme B, granulysin, and perforin in CD8 + T cells purified from both peripheral blood and BALF (P < 0.05, paired t-test; Fig. 6A-C) . Moreover, another 10 5 of CD8 + T cells were washed twice poststimulation and were the cocultured with stably transfected NSCLC cell lines in the direct and indirect coculture systems. Similar to the coculture CD4 + T cell system, CD8 + T cells from SCC patients were cocultured with NCI-H520 cells, whereas CD8 + T cells from AC patients were cocultured with A549 cells. Supernatants were harvested 48 h post-coculture for further analyses. Approximate 50% of target cell deaths were found in the direct contact coculture system with both peripheral and BALF CD8 + T cells (Fig. 7A, B) , while only 30% of cell deaths were investigated in the indirect contact coculture system (Fig. 7A, 7B ). IL-35 treatment remarkably downregulated the cytotoxicity in both direct and indirect contact systems, with more than 10% of reduction in cell deaths observed (P < 0.05, paired t-test; Fig. 7A, B) . IL- 35 treatment notably decreased both IFN-γ and TNF-α production in the supernatant in the direct and indirect coculture systems of CD8 + T cells purified from either peripheral bloods (P < 0.01, paired t-test; Fig. 7C , E) or BALF (P < 0.05, paired t-test; Fig. 7D, F The aberrant expression of IL-35 has been shown in different cancers including acute myeloid leukemia [27, 28] , prostate cancer [18] , breast cancer [19, 29] , colorectal cancer [17, 30] , pancreatic ductal adenocarcinoma [31] , gastric cancer [32] , and hepatocellular carcinoma [33] . Gu et al [21] . showed that plasma IL-35 expression was elevated and was a promising potential predictor in prognosis of clinical outcome of NSCLC patients. In contrast to the study by Gu et al., we did not find a remarkable difference in the serum of NSCLC patients, but IL-35 expression at the tumor site was higher than that at the nontumor site. The function of IL-35 in tumor cells has been the subject of debate. An in vitro study by Long et al [34] . showed that overexpression of IL-35 inhibited cell growth and increased apoptosis sensitivity of different human cancer cell lines. In contrast, most studies have demonstrated that IL-35 is an autocrine growth factor [13] , which promotes tumor growth through different mechanisms, including enhancement of proliferation and loss of control of tumor cell growth, inhibition of apoptosis, and promotion of angiogenesis, extravasation, and metastasis [13, 15, 35, 36] . To the best of our knowledge, the current in vitro results provided the first data about on the influence of IL-35 to bioactivity of NSCLC cell lines. Recombinant IL-35 stimulation did not affect the proliferation, cytokine production, cell cycle, or cellular invasion in either the SCC cell line NCI-520 or AC cell line A549. This 
FoxP3
+ Tregs [11, 37] , and directly suppress IL-17 secretion by Th17 cells [38] . It also inhibited the allergic CD4 + T cells response and modulated Th2-, Tregs-, and Th17-related cytokine production in an allergic rhinitis mouse model [39] . However, few studies have focused on IL-35 regulation of CD4 + T cells in cancers. In this study, we found that IL-35 stimulation increased FoxP3 mRNA and IL-10 secretion and decreased RORγt mRNA and IL-17 production in CD4 + T cells from both peripheral blood and BALF, indicating that IL-35 might also contribute to Treg expansion and Th17 inhibition in patients with NSCLC. However, reduction of T-bet and downregulation of IFN-γ was only found in CD4 + T cells from BALF. Due to the elevation of IL-35 expression in BALF but not peripheral blood, it is possible that lung-resident CD4 + T cells were sensitized by IL-35, and became more sensitive to IL-35 stimulation. The cytotoxicity of CD4 + T cells was also investigated in both direct and indirect coculture systems with NSCLC cell lines. The direct coculture system can be used to evaluate both the cytolytic and noncytolytic functions of effector T cells, whereas the indirect coculture system can only be used to evaluate noncytolytic effects [23] . Although a previous study demonstrated that human CD4 + T cells directly recognized cancer cells and inhibited tumor growth in a cytolytic manner [40] , we showed that both cytotoxicity and cytokine production by CD4 + T cells were comparable in direct and indirect systems prior to and post IL-35 stimulation, indicating that it was mostly the cytokine-mediated noncytolytic mechanism that contributed to the anti-tumor activity of CD4 + T cells. Thus, IL-35 appears to be an important regulator of CD4 + T cells dysfunction in NSCLC.
The modulatory activity of IL-35 towards CD8 + T cells in NSCLC patients was also investigated. It is well accepted that IL-35 suppresses CD8 + T cell proliferation [41] . However, the associated regulatory mechanisms are not fully understood. Our in vitro results showed that IL-35 stimulation reduced the mRNA expression of granzyme B, granulysin, and perforin in both peripheral and lung-resident CD8 + T cells in NSCLC patients, suggesting that IL-35 downregulated cytotoxic gene expression in CD8 + T cells. Moreover, the cytotoxicity of CD8 + T cells reached peak levels with approximately 50% of cell death observed in the direct coculture system. The cytotoxicity was reduced in the indirect coculture system compared with the direct system, indicating that both cytolytic and noncytolytic characteristics contributed to the cytotoxicity of CD8 + T cells towards tumor cells. Recombinant IL-35 stimulation significantly reduced both IFN-γ and TNF-α secretion in both the direct and indirect coculture systems, suggesting that IL-35 suppressed cytokine-induced antitumor immunity against NSCLC. Furthermore, IL-35 also inhibited cytotoxic CD8 + T cells in the direct coculture system; however, the cytotoxicity was still higher in NSCLC cell lines in indirect contact with CD8 + T cells than that in NSCLC cell lines cultured alone. This indicated that cytokine production by CD8 + T cells also demonstrated a cytotoxic effect in target tumor cells.
In summary, IL-35 expression was increased at the tumor site of patients with NSCLC. The elevation of IL-35 displayed immunosuppressive activity towards CD4 + and CD8 + T cells by reducing their cytolytic and noncytolytic functions; however, it did not affect the bioactivity of NSCLC cell lines in vitro. These data suggest that IL-35 contributes to the dysfunction/exhaustion of T cells and limited antitumor immune responses in NSCLC.
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